INTRODUCTION
In 2011, Malawi adopted Option B+, a test-and-treat approach to the prevention of mother-to-child transmission. 1 Under Option B+, women routinely test for HIV during pregnancy, and those who test HIV positive are eligible to start immediate lifelong antiretroviral therapy (ART). 2 Option B+ has been brought to scale nationwide, helping many women learn their HIV statuses and initiate ART. [2] [3] [4] [5] However, failure to engage male partners in prevention of motherto-child transmission programs has been associated with worse maternal and infant outcomes, [6] [7] [8] as well as missed opportunities for men to learn their own HIV statuses and access HIV prevention and treatment.
Couple HIV testing and counseling (CHTC) is a service in which 2 couple members learn their HIV statuses together from a trained counselor. After CHTC, couples in which one or both partners are HIV infected often increase consistent condom use in the following month and sustain this over time. [9] [10] [11] CHTC has also been associated with lowered HIV incidence. 12 However, these assessments were conducted before the "treatment as prevention" (TasP) paradigm, the understanding that sexual transmission is negligible when an HIV-infected partner is adherent to ART and virally suppressed. 13 Within a TasP context, some couples may select abstinence or consistent condom as a temporary "bridge" strategy in the months before viral suppression. Understanding the impact of CHTC on immediate consistent condom use or abstinence within a TasP program, like Option B+, is important.
In addition, although the effect of CHTC on consistent condom use is well documented, the dyadic context in which behavior change occurs is not, especially within heterosexual couples in sub-Saharan Africa. [14] [15] [16] [17] In this formative work, we used Karney's dyadic framework to explore how proximal relationship contextual factors, including trust, intimacy, satisfaction, communication, HIV communication, and relationship power influence HIV behaviors. 14 Specifically, it is not known how CHTC influences the relationship context or how this context differs between couples with and without an HIV-infected woman. Finally, it is not known how these factors relate to consistent condom use and abstinence among heterosexual sub-Saharan African couples.
Within Malawi's Option B+ program, we assess whether CHTC is associated with safe sex among heterosexual couples with HIV-infected women (female-positive couples) and couples with HIV-uninfected women (femalenegative couples), as well as whether relationship factors are associated with safe sex. Understanding these questions has implications for CHTC targeting within an Option B+ TasP program.
METHODS

Study Setting
The study was conducted from December 2015-August 2016 at the antenatal clinic (ANC) at Bwaila District Hospital, a high-volume urban maternity hospital in Lilongwe, Malawi. During this period, approximately 1200 pregnant women presented each month for a first antenatal visit. Consistent with Malawi's Option B+ program, all women without a documented HIV status were tested for HIV at their first antenatal visit using opt-out procedures, and newly diagnosed women were offered same-day ART through the Option B+ program. During this period antenatal HIV prevalence was 11%, with approximately half of these HIV-infected women already on ART and half initiating ART. Approximately 10%-15% of these pregnant women present with male partners for CHTC, and the rest receive individual HTC. 18 CHTC was received from a trained counselor and consisted of couple pretest counseling, simultaneous testing and return of test results, and couple posttest counseling. Couples with at least one HIV-infected person received messages about ART initiation, care-seeking, and adherence, and HIV-discordant couples received messages about TasP. All couples received messages about consistent condom use but the rationales differed: transmission prevention for HIV-discordant couples, reinfection prevention for HIV-concordant positive couples, and prevention of future transmission for HIV-concordant negative couples.
Study Participants and Procedures
During the study period, all women with HIV-positive test results were approached in ANC and screened for eligibility. These HIV-infected pregnant women were eligible if they tested HIV positive at their initial ANC visit, were $18 years old, had a current male sexual partner, had not received CHTC at that ANC visit, were willing to invite a partner for CHTC, believed they would both be in Lilongwe for $2 months, and were interested in study participation. Eligible women interested in participation provided informed consent.
Each woman was given one invitation for a male partner to present to the clinic for important family health information. Women provided their partners' phone numbers, when available, and could elect to have the clinic call their partners right away or to wait for 1 week. Because this was a study of couples, data were only collected from women who presented with a partner. These couples which had an HIVinfected pregnant woman were referred to as "femalepositive couples."
We also enrolled "female-negative couples," those with an HIV-uninfected pregnant woman. Because of staffing limitations, we sought to enroll only one female-negative couple, for every 2 female-positive couples enrolled. HIVuninfected women were selected from ANC using frequency matching based on age categories of HIV-infected women: 18-19, 20-24, 25-29, 30-34 , and 35-39 years. Each potential HIV-uninfected woman was screened using the same eligibility criteria as HIV-infected women. If they consented, they were provided with the same invitation, and their partners were traced using the same procedures as female-positive couples.
Once a couple presented together, they each had 2 visits: a first visit on the day they first presented together and a second visit 1 month later. At the first visit, the 2 partners initially met separately with same-sex interviewers; the man provided informed consent, and the man and the woman participated in separate interviewer-administered questionnaires about demographics, relationship characteristics and dynamics, and HIV care-seeking and sexual behaviors. Afterward, couples received CHTC and were offered condoms-typically 20-30, but more if they requested them or reported more than 30 coital acts per month. Condoms were received from study staff, rather than the clinic's pharmacy, to minimize logistics and avoid stock-outs. Other procedures were consistent with national CHTC protocols.
At the second visit, each participant completed a second, similar interviewer-administered questionnaire. Participants who returned without their partners at the second visit were still interviewed.
Data were collected on Android tablets using Open Data Kit software and uploaded to an encrypted web-based server. Data were downloaded bi-weekly and stored on a secure server.
Measures
The primary outcome of interest was safe sex, assessed at both the first study visit (pre-CHTC) and second study visit (post-CHTC). At both visits, male and female participants were asked how many sexual encounters they had with their study partner in the last month, and, of these, how many were protected with a condom. We divided responses into 4 categories for each couple: abstinence (no sexual activity), no condom use (0% of encounters protected), inconsistent condom use (1%-99% of encounters protected), and consistent condom use (100% of encounters protected). For modeled analyses, we created a variable "safe sex" which dichotomized consistent condom use or abstinence (safe sex) versus no or inconsistent condom use (unsafe sex). As sensitivity analyses, we also explored "any condom use" (inconsistent and consistent condom use versus noncondom use) and "consistent condom use" (consistent condom use versus all other categories). If couple responses differed, the riskier behavior was used. If only one couple member presented, only that response was used.
Relationship characteristics (perceptions about the relationship) were assessed from each partner separately before and after CHTC using scales with validated psychometric properties used previously in sub-Saharan Africa. 15, 19, 20 • Commitment and intimacy were assessed using subscales from the Sternberg Triangular Love Scale. 21 The 7-item commitment subscale measured relationship stability and longevity with items such as, "my relationship with my partner is permanent." The 5-item intimacy subscale measured closeness with items like, "my partner and I have a mutual understanding of each other." Both used 5-point Likert responses (strongly disagree-strongly agree) and were reported as means with a high score of 5 and higher values indicating better relationships.
• The 8-item Dyadic Trust scale addressed issues of perceived honesty, reliance, and fairness on a 5-point Likert scale (strongly disagree-strongly agree) with questions such as "my partner is sincere in his/her promises." 22 Higher values corresponded to greater trust with a total possible summed score of 40.
• Couples Satisfaction Index assessed perceived happiness, comfort, and reward, 23 with items such as "how rewarding is your relationship?" Higher values corresponded to greater satisfaction with a total possible summed score of 20.
Three relationship dynamics (interaction patterns between couples) that were measured included communication, HIV communication, and sexual relationship power. The latter 2 scales included questions related to HIV and sexual behavior.
• Communication was measured using 3 questions from the Communication Patterns Questionnaire-Short Form, 24, 25 which addressed how couples handled relationship challenges. For example, "When issues arise, we try to discuss them." Items were evaluated on a 4-point Likert scale (very unlikely-very likely) with higher values indicating better communication. Items were summed for a total possible score of 12.
• HIV communication was assessed with a scale developed by the study team using items from other HIV communication scales, 26 adding newer prevention modalities (eg, medical male circumcision), and removing contextually irrelevant items (eg, injection drug use). The scale contained 12 items for female-negative couples and 13 items for female-positive couples. One example was, "In the last month, have you had a conversation about HIV prevention?
" Responses were recorded as yes or no and were averaged for a total score of 1; higher values indicated greater communication.
• Sexual relationship power was evaluated using the 15-question relationship control subscale of the Sexual Relationship Power Scale. 27 This scale was developed to assess relationship power in women but has been used in multiple samples of men with comparable psychometric properties. 28 The subscale assessed whether a sexual partner exhibited controlling behaviors. For example, "my partner will get violent if I ask to use a condom." Items were evaluated on a 4-point Likert scale (strongly disagreestrongly agree) and reported as means. Higher scores corresponded to greater relationship power with a maximum score of 4.
Scale items are presented in Appendix 1 http://links. lww.com/QAI/B9. On all scales, in descriptive analyses, we considered values .80% to be high, 50%-79% to be moderate, ,50% to be low.
For dyadic models, we calculated the mean score of each measure for both couple members, as well as the difference between couple members (female minus male values). If a couple member did not present for visit 2, his or her baseline value was used.
Statistical Methods
Fisher exact tests were used to evaluate differences between baseline demographic characteristics of case and control participants separately by gender. We also explored frequencies of abstinence, no condom use, inconsistent condom use, and condom use by men and women from female-positive and female-negative couples. Correlation between couple members was calculated using intraclass correlation coefficients (ICCs).
We modeled changes in relationship factors and sexual behavior pre-CHTC and post-CHTC at the couple level using generalized estimating equations. These models included one record per dyad pre-CHTC and one record per dyad post-CHTC. In models comparing changes in relationship factors, we used an identity link and normal distribution to estimate changes in means and 95% confidence intervals (CIs). In models comparing changes in safe sex, we used a log link and binomial distribution to estimate risk ratios (RRs) and 95% CIs. All models used exchangeable correlation matrices and robust variance estimates to account for correlation between time periods. 29 All unadjusted models contained terms for pre-CHTC/post-CHTC, couple status (female positive/female negative), and their interaction. All adjusted models contained a term for age category to account for frequency matching and relationship length, a known confounder; additional covariates were selected using backward elimination. All covariates associated with the exposure or outcome were included in a full model and eliminated if they did not change the primary coefficient of interest, pre-CHTC/post-CHTC, by more than 15%.
We ran a second set of models to assess the association between baseline relationship factors and safe sex post-CHTC using generalized linear methods. We modeled RRs and 95% CIs using modified Poisson regression with robust variance estimates. Models were adjusted for age category, relationship length, and couple HIV status. Analyses were performed using SAS version 9.4 (SAS Institute Inc., Cary, NC).
Ethics
The study received approval from both the National Health Science Research Committee in Malawi and the University of North Carolina at Chapel Hill Institutional Review Board. All participants provided informed consent.
RESULTS
Population
In total, 318 HIV-infected women were screened; 202 (64%) were eligible (Fig. 1) . The main reasons for ineligibility were not having a current male sexual partner (N = 30, 9%) or not having a male partner in Lilongwe (N = 72. 23%). Few lacked interest in participation (N = 15. 5%). Ninetyseven HIV-uninfected women were screened, and of these, 92 (95%) were eligible. Few lacked a current sexual partner (N = 3, 3%), and none had a partner living outside of Lilongwe. Few lacked interest in participation (N = 3, 3%).
Of those eligible, participation rates were comparable among HIV-infected (45%) and HIV-uninfected women (51%) (P = 0.3) (Fig. 1) . Ninety female-positive couples and 47 female-negative couples enrolled, exceeding the enrollment target by 2. The remaining eligible couples failed to present; additional information on these couples is not available. Most couples (121, 88%) had both members present, 5 (4%) had only the woman present, and 11 (8%) had neither member present.
The mean age among women was 26 years. The mean age among men was 32 years. Median relationship duration was 4 years (IQR: 2-7 years). 99% were married and 98% believed their study partner fathered the current pregnancy. Median gestational age at enrollment was 5 months (IQR: 5-6 months).
HIV Status Pre-CHTC and Post-CHTC
Most women (72%) had tested for HIV before their antenatal visit. Of these women, 9% had received an HIVpositive result before their antenatal visit. Most men (69%) had also tested for HIV before study enrollment. Of these men, 13 (14%) had received an HIV-positive result previously (Table 1) , and 5 reported currently being on ART. Thus, for most HIV-infected women (84/90, 93%) and HIV-infected men (56/69, 81%), the HIV-positive diagnosis was new.
Ninety-nine percent of female-positive couples and 98% of female-negative couples accepted CHTC. After CHTC, 67 female-positive couples were classified as HIVconcordant positive (74%), 22 as HIV-discordant (24%), and one as unknown (1%). After CHTC, 43 female-negative couples were classified as HIV-concordant negative (93%), (31) 16 (34) 20 (22) 6 (13) Primary completed
15 (17) 6 (13) 20 (22) 6 (13) Secondary incomplete 24 (27) 10 (21) 14 (16) 
Sexual Behavior Pre-CHTC and Post-CHTC
Before CHTC, nearly all couple members reported engaging in unprotected sex in the last month (Fig. 2) . Among individual participants in female-positive couples, 79% reported unprotected sex, 9% reported inconsistent condom use, 4% reported consistent condom use, and 8% reported abstinence. This distribution was similar between female-positive couples who were HIV-discordant and female-positive couples who were HIV-concordant (P = 0.4) (Fig. 2) . Among individual participants in femalenegative couples, 97% reported unprotected sex, 1% reported inconsistent condom use, 0% reported consistent condom use, and 2% reported abstinence. The ICC was 0.39 (95% CI: 0.24 to 0.52). At the dyadic level, 8% of female-positive couples and 2% of female-negative couples reported safe sex (P = 0.3). After CHTC, substantial behavior change was observed by female-positive couples (Fig. 2) . Among individual participants in female-positive couples, 2% reported unprotected sex, 13% reported inconsistent condom use, 82% reported consistent condom use, and 3% reported abstinence. Distributions were similar among female-positive HIVdiscordant and HIV-concordant couples (P = 0.2) (Fig. 2) . Among individual participants in female-negative couples, 94% reported unprotected sex, 3% reported inconsistent condom use, 4% reported consistent condom use, and 0% reported abstinence. The ICC was 0.77 (95% CI: 0.68 to 0.84). Both female-negative HIV-discordant couples reported consistently using condoms post-CHTC. At the dyadic level, 75% of female-positive couples and 3% of female-negative couples reported safe sex (P , 0.0001).
The final adjusted model assessing safe sex pre-CHTC and post-CHTC included female age category and relationship duration; no other baseline characteristics remained after backward elimination. Before CHTC, female-positive couples and female-negative couples had similar probabilities of reporting safe sex (RR, 3.7, 95% CI: 0.5 to 29.8). After CHTC, female-positive couples were 30.0 times more likely to report safe sex than female-negative couples (95% CI: 4.3 to 207.7). Female-negative couples were as likely to report safe sex post-CHTC as pre-CHTC (RR: 1.1, 95% CI: 0.1 to 18.7). Female-positive couples were 10 times more likely to report safe sex post-CHTC than pre-CHTC (RR: 9.6, 95% CI: 4.6 to 20.0). They were also 31.9 (95% CI: 4.5 to 225.4) times more likely to report consistent condom use and 20.7 (95% CI: 5.3 to 80.5) times more likely to report any condom use.
There were no meaningful associations between mean relationship factors pre-CHTC and safe sex post-CHTC. Similarly, there were no meaningful associations in femalemale differences between relationship factors pre-CHTC and safe sex post-CHTC (Table 3) .
DISCUSSION
In an Option B+ program in Lilongwe, Malawi, safe sex was negligible for all participants before CHTC. One month after CHTC, safe sex remained low in female-negative couples but was adopted by 3 quarters of female-positive couples. Greater HIV communication also occurred post-CHTC by both female-positive and female-negative couples.
Even though ART adherence leads to viral suppression and very low transmissibility, viral suppression can take months to achieve. During these months, additional HIVprevention measures are needed, especially in HIV-discordant couples. During the brief period between screening and CHTC, few couples adopted consistent condom use. But after CHTC and condom provision, condom uptake was nearly universal by HIV-discordant couples, suggesting CHTC with condom provision could protect most HIVdiscordant couples. Condom use may also be important at later periods, as HIV-infected persons and their partners may not be able to accurately gauge viral suppression. 30, 31 Substantial behavior change was not observed for couples who were HIV-concordant negative and may have perceived sexual behavior with their study partner to be safe after CHTC. This observation is not surprising, as partners only remain at risk for HIV acquisition from outside partners, a substantial driver of new infections in the region. 32, 33 Understanding which HIV-uninfected women are at the highest risk for HIV acquisition is critical as HIV incidence among pregnant women is high and may account for a substantial share of new pediatric HIV cases. 34, 35 Understanding which HIV-uninfected women are at highest risk for HIV acquisition is the focus of a future analysis. These select women may be good candidates for antiretroviral preexposure prophylaxis.
Approximately half of the eligible couples presented to the clinic and participated in the study. In this population, comparisons between presenters and nonpresenters are not possible, as information was not collected from women who did not return with a partner. However, in a similar study assessing CHTC uptake at this site, fear of partner anger, violence, and abandonment were associated with lower presentation. 36 We speculate that similar fears may have inhibited couples from presenting. Couples who presented for CHTC may have stronger, more equitable, healthier relationships, than those who did not present. Similarly, more than Relationship traits were not associated with safe sex. This contrasts with observations among men who have sex with men in the United States. In these couples, positive relationship characteristics with primary partners, including intimacy, commitment, and attachment, have been associated with higher rates of unprotected anal intercourse with primary partners. [37] [38] [39] Similar findings have been observed in South Africa, where couple intimacy and HIV-specific social support have been associated with increased unprotected sexual acts. 40 Couples in different contexts may reach different decisions when balancing closeness (through unprotected sex) and HIV protection (through protected sex).
All measures in this study are subject to information bias. In particular, sexual behavior is subject to socially desirable reporting, which could have been differential with respect to HIV status. However, we believe a substantial share of the self-reported behavior change was valid. First, very few female-positive couples reported consistent condom use at baseline, suggesting HIV-infected persons were willing to report unprotected sex, even after HIV diagnosis. Either sexual behavior changed or truth-telling behavior changed. Next, we observed that female-negative couples did not report consistent condom use, even though they also received messages about consistent condom use. Study staff confirmed that nearly all female-positive couples took condoms, but most female-negative couples did not. Next, we observed strong correlation in self-report between couple members, especially at follow-up. Finally, in similar populations in the region, self-reported consistent condom is strongly associated with lower HIV and other sexually transmitted infections, the most convincing observation. 41, 42 To understand long-term impacts of CHTC, following larger samples for longer periods with biological outcomes is critical. However, as Option B+ and other TasP programs are brought to scale in sub-Saharan Africa, offering CHTC and distributing condoms can play an important role in facilitating couple communication and consistent condom use before viral suppression. 43 These observations add to a large body of work highlighting the critical role of couple-based approaches to HIV prevention.
